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and possessing a sulfatoethylsulfone reactive group were synthesized and characterized by elemental
analysis, IR and 1H NMR spectroscopy. The dyes were applied to cotton, wool and silk fabrics.
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ation values. The dyed fabrics also showed very good light fastness and good to excellent washing,
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Pyrazoles and their derivatives have attracted growing interest
over the years because of their versatile applications in various
ﬁelds (Elnagdi et al., 1976, 1985; Freeman, 1981; Tominagaet al., 1990; Mohareb et al., 2004; Al-Saleh et al., 2004; Hassa-
nien et al., 1999; Jain and Shukla, 1990; Karci, 2005). The use
of heterocyclic derivatives of pyrazoles belongs to important
compounds for preparation of other functional derivatives
mainly for the synthesis of condensed heterocyclic pyrazole
systems (Karcı and Demircalı, 2007; Elagamey et al., 1991;
Abdel El Latif et al., 1999; Karcı and Karcı, 2008). The fused
pyrazoles are important compounds that have been used as
intermediates for the synthesis of dyestuffs mainly for hetero-
cyclic azopyrazole disperse, acid, and reactive dyes (Masoud
et al., 2004; Nasr, 2004; Nag et al., 2001; Santra et al., 2001;
Tsai and Wang, 2005; Ho, 2005).
As a part of our ongoing interest on the design of novel het-
erocyclic azopyrazole reactive dyes (Youssef et al., 2006;
Shams et al., 2009), attempts have been made to identify the
dyeing performance of heterocyclic pyrazolopyrazole reactive
dyes on different textiles. The effects of variations in molecular
Scheme 1
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try of azo and/or disazo chromphoric systems have been inves-
tigated. Recently, a further interest has been shown in the
synthesis of some disazo dyes derived from pyrazolopyrimi-
dines (Karcı and Demircalı, 2007). The solvatochromic behav-
ior of such type of dyes in various solvents has been evaluated
(Karcı and Karcı, 2008). However, it seems that there is no re-
port of a generally key synthesis of pyrazolopyrimidine deriv-
atives which are of considerable interest as potential reactive
dyes. In light of these ﬁndings we report here the synthesis
of some novel disazo reactive dyes derived from sulfatoethyl-
sulfone pyrazolo[1,5-a]pyrimidine derivatives. To conﬁrm the
ﬁxation of the novel heterocyclic reactive dyes with the ﬁber,
the dyeing properties of two models of sulfatotoethylsulfone
dyes 1, 2 were evaluated on cotton, wool and silk fabrics. Dif-
ferent factors affecting the dyeability of these dyes were thor-
oughly investigated.
2. Experimental
2.1. Materials
Mill-scoured and bleached cotton fabric (130 g/m2; Misr El-
Mahalla Co., Egypt), wool fabric (310 g/m2; Golden Tex
Co., Cairo, Egypt) and degummed and bleached silk fabric
(90 g/m2; El-Khateib Co., Cairo, Egypt) were used throughout
this work.
Serawash (DyStar, Cairo, Egypt) was used as a nonionic
detergent. AlbegalA (amphoteric levelling agent; Ciba) was
used as an auxiliary for dyeing wool. 1-Aminobenzene-4-b-
sulfatoethylsulfone (PABSES) was obtained from Amar
Impex, Mumbai, India. Aminobenzene-2-sulfonic acid was ob-
tained from Isma Dyestuff and Chemical Co., Egypt. All other
chemicals used in this study were of laboratory reagent grade
and applied without further puriﬁcation.
2.2. General
Dye purity was assessed by thin layer chromatography (TLC)
using an ethylacetate: n-propanol (2:1, v/v) eluent on silica gel
plates. Infrared (IR) spectra were recorded on a Nexus 670
FTIR Spectrometer (KBr; Thermo Nicolet). 1H NMR spectra
were recorded on a JEOL JNM-EX 270 MHz spectrometer in
deuterated dimethylsulfoxide (DMSO-d6) using tetramethylsil-
ane (TMS) as the internal reference and the chemical shifts (d)
given in ppm. Analytical data were performed on a Vario
E1III elemental CHN analyzer. The maximum absorption
wavelength (kmax) was measured on a Shimadzu UV-2401PC
UV/Vis spectrophotometer.
2.3. Synthesis of dyes
The procedures used for the synthesis of reactive dyes 1 and 2,
shown in Scheme 1, are represented by the initial preparation
of dye intermediates (I–III) given below.
2.3.1. 5-Amino-4-(2-phenyazo)-1H-pyrazol-3-one sulfonic acid
intermediate I
A neutral solution of 2-aminobenzene sulfonic acid (0.1 mol)
was diazotized using sodium nitrite in a concentrated hydro-
chloric acid at 0 C; the pH was maintained at 5–6 by simulta-neous addition of 2 M sodium carbonate solution while
cooling at 0–5 C. The resulting solution of diazonium salt
was then was added with continuous stirring to cyanoethylac-
etate (0.1 mol) to produce ethyl 2-phenylhydrazono cyanoace-
tate sulfonic acid sodium salt solution Ia. the precipitated
product, formed upon the addition of 10% w/v sodium chlo-
ride, was ﬁltered off, washed with 10% brine solution and
dried in an oven at 50 C. Hydrazine hydrate (0.05 mol) was
added to a neutral solution of Ia (0.05 mol). The reaction mix-
ture was heated under reﬂux for 3–4 h, then cooled to room
temperature and the precipitated dye intermediate that isolated
by the addition of sodium chloride (5% w/v) was ﬁltered off,
and dried in a vacuum oven at 50 C to give 5-amino-4-(2-
phenylazo)-1,2H-pyrazol-3-one sulfonic acid dye intermediate
I (90% yield, kmax H2O = 373 nm).
2.3.2. 4-(2-Phenylazo)-2,7-dihydroxy-5-methylpyazolo[1,2-
a]pyrimidine (II) and 4-(2-phenylazo)-2,7-dihydroxy-5-
aminopyazolo[1,2-a]pyrimidine (III)
The synthesis of intermediates II and III was carried out as de-
scribed below in Scheme 1b.
To a neutral solution of dye intermediate (I, 0.05 mol),
ethylacetoacetate (0.05 mol) was added dropwise. The reaction
mixture was stirred under reﬂux for 4 h, then cooled to room
temperature and the product was precipitated using sodium
chloride (10% w/v), ﬁltered off and dried in an oven at
50 C to give the dye intermediates II (85% yield, kmax
H2O = 378 nm).
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out by using cyanoethylacetate instead of ethylacetoacetate, as
shown in Scheme 1b (87% yield, kmax H2O = 382 nm).
2.3.3. Synthesis of sulfatoethylsulfone pyrazolo[1,2-
a]pyrimidine reactive dyes 1 and 2
A solution of PABSES diazonium chloride (0.025 mol), pre-
pared using a previously described method (Lewis et al.,
2000), was added slowly to a stirred solution of the dye inter-
mediates II (0.025 mol) as well as III (0.025 mol) at pH 5–6
and at 0–5 C. The reaction mixtures were stirred for further
4 h, then the resulting solutions of reactive dyes were precipi-
tated using sodium chloride (15% w/v), ﬁltered and dried in
a vacuum oven at 40 C to give the desired sulfatoethylsulfone
reactive dyes 1 (82% yield, kmax H2O = 388 nm) and 2 (84%
yield, kmax H2O = 402 nm), respectively as described in
Scheme 1c.
2.4. Dye puriﬁcation
For convenient dyeing and chemical investigations, it was nec-
essary to purify the dye intermediates I–III and reactive dyes 1
and 2 from impurities (Guo et al., 1993). This was done by dis-
solving the dyes in DMSO at 40–45 C. Inorganic impurities
were eliminated by ﬁltration and the dye solutions were
re-precipitated in n-butanol at room temperature. The dyes
were ﬁltered, washed with acetone and diethyl ether then dried
in a vacuum oven at 40 C.
Dye 1 structure was conﬁrmed by IR (m/cm1): 3439 (NH),
2359 (C‚N), 1622 (C‚O), 1567 (C‚O), 1499 (–N‚N–),
1141 (–SO2–), 1294, 1246 and 1089 cm
-1 (–OSO3H).
1H
NMR: d H (ppm) in [2H6]DMSO: 4.12 (2H,t,–CH2), 4.88
(2H,t,CH2), 5.75 (2H,s,NH2), 7.034–7.124 (2H,d,2CH), 7.606
(H,t,CH), 7.621–7.888 (2H,d,2CH), 7.905 (H,s,CH), 10.328
(H,s,NH), 11.011 (H,s,NH), 11.142 (H,s,OH), 13.475
(H,s,OH) and 13.67 (H,s,OH).
Dye 2 structure was conﬁrmed by IR (m/cm1): 3780 (NH2),
3435 (NH) 2359 (C‚N), 1672 (C‚O), 1633 (C‚O), 1584
(–N‚N–), 1243 (–SO2–), 1386, 1138 and 1050, and
1005 cm1 (–OSO3H).
1H NMR: d H (ppm) in [2H6]DMSO:
2.55 (3H, s, –CH3), 3.8 (2H,t,CH2), 4.01 (2Ht,CH2), 7.48–
7.52 (2H,d,2CH), 7.81 (H,t,CH), 7.87–7.88 (2H,d,2CH), 7.99
(H,s,CH), 10.024 (H,s,NH), 10.43 (H,s,NH), 10.69 (H,s,OH),
13.62 (H,s,OH) and 13.93 (H,s,OH).
2.5. Dyeing procedures
All dyeing were performed using 2% (owf) dye concentration.
The dyeing of the reactive dyes was carried out in distilled
water using 2 g fabric at a liquor ratio of 40:1. The dyes were
applied to cotton using 20, 40 and 60 g/l sodium sulfate at
40 C for 30 min, then 5, 10, 15 and 20 g/l sodium carbonate
was added portion-wise while the temperature was raised to
60 C over 15 min. Dyeing was then continued for a further
60 min. The dyed samples were rinsed with water and extracted
with 50% aqueous dimethylformamide (DMF) at the boil for
15 min. The dyes were applied to wool fabric at pH 3–7, 5%
owf ammonium sulfate and 1 g/l Albegal A, while dyeing of
silk was conducted at pH 4, 6, 8 and 10 in the presence of
40 g/l sodium sulfate. Dyeing was started at 408C and the
dye bath was raised to the dyeing temperature (wool, 100 C;silk, 90 C) over 30 min. The dyeing was continued for a
further 60 min and the dyed samples were thoroughly rinsed
with water and dried.2.6. Measurements and testing
2.6.1. Dye exhaustion
For all dyeings, the dye exhaustion was measured by sampling
the dyebath before and after dyeing. The dye concentration
(g/l) of the dyebath was measured on Shimadzu UV-2401PC
UV/vis spectrophotometer at kmax of the dye. The percentage
of dye exhaustion (%E) was calculated using Eq. (1):
%E ¼ 1 C2=C1ð Þ½   100 ð1Þ
where C1 and C2 are the concentrations of dye in the dyebath
before and after dyeing, respectively.2.6.2. Dye ﬁxation
Dye ﬁxation (%F) (percentage of the exhausted dye that chem-
ically bound on the ﬁber) was measured by reﬂuxing the dyed
samples in 50% aqueous DMF (liquor ratio 20:1) for 15 min to
extract the unﬁxed dye (Yeung and Shang, 1999). This proce-
dure was repeated until the extract was clear. The concentra-
tion of the extract was then measured spectrophotometrically
at (kmax) of each dye and the dye ﬁxation ratio was calculated
using Eq. (2):
%F ¼ ðC1  C2  C3ÞðC1  C2Þ  100 ð2Þ
where C3 is the concentration of extracted dye.
From the dyebath exhaustion (E) and dye ﬁxation (F), the
total dye ﬁxation (T), which is the percentage of dye chemically
bound relative to the total amount of dye used, was calculated
for all dyeings using Eq. (3):
%T ¼ ð%E%FÞ
100
ð3Þ2.7. Color strength
The reﬂectance values of the dyed fabrics were measured spec-
trophotometrically at the lmax and the corresponding color
strength (K/S) values of the samples were calculated using
the Kubelka–Munk equation (4):
K=S ¼ ð1 RÞ
2
2R
ð4Þ
where R is the decimal fraction of the reﬂection of the dyed
fabric; K the absorption coefﬁcient; and S the scattering
coefﬁcient.2.8. Fastness testing
The dyed samples were washed-off using 2 g/l nonionic deter-
gent at 808C for 30 min, and tested according to ISO standard
methods (Bradford, 1990). The speciﬁc tests were ISO 105-X12
(1987), ISO 105-C02 (1989), ISO 105-E04 (1989), and ISO 105-
B02 (1988) corresponding to color fastness to rubbing, wash-
ing, perspiration and light, respectively.
Figure 1 Effect of sodium sulfate concentration of dye on
exhaustion (E) and total ﬁxation (F) on dye 1 and dye 2 on cotton.
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3.1. Synthetic strategies and structure characterization
The synthetic strategies of dyes 1 and 2 and dye intermediates
I–III, are outlined in Scheme 1. The precursors of choice for
such synthetic approach are amino-substituted arylazopyraz-
ole intermediate I produced via diazotization coupling reaction
of 2-aminobenzene sulfonic acid with ethylcyanoacetate which
afforded ethyl 2-phenylhydrazono cyanoacetate sulfonic acid
sodium salt Ia, followed by cyclization with hydrazine hydrate.
The prepared 5-amino substituted dye intermediate I designed
in such a way that C-4 of the pyrazole nucleus is blocked by
the arylazo moiety, acting as 1,5-dineucleophiles when sub-
jected to reaction with 1,3-bielectrophilic reagents leading, in
turn, to producing fused pyrazolo[1,5-a]pyrimidine azodye
intermediates with active C-6 coupling sites. This was our
planned strategy for the synthesis of C-6 disazo reactive dyes
1, 2 (Scheme 1). Thus, when the chromophoric intermediate
II and III subjected to coupling reaction with diazotized PAB-
SES reactive system afforded the respective disazo pyrazolo-
pyrimidine based sulfatoethylsulfone SES reactive dyes 1 and
2, respectively.
The visible absorption spectroscopic properties of reactive
dyes and the corresponding intermediates were recorded in
water and are mentioned in the experimental part. The value
of kmax for both dyes depends on the nature of substituent
groups R and the locality of –NH2 and –CH3 group present
in the heterocyclic fused system. The expected tendency of
the higher kmax dye 2 was observed because of the presence
of electron rich NH2 group at the 5-position in the pyrimidine
ring compared with 5-CH3 derivative of dye 1. The same effect
is also revealed for the corresponding dye intermediates III and
II, respectively. The IR spectra of dyes 1 and 2 showed the
characteristic bands of 3410–3436, indicating the presence of
–OH and –NH2 stretching vibration, in addition to absorption
bands at 1522–1548 which are due to the –NH– bending vibra-
tion. The bands which appeared at 1448–1458 are due to the
stretching vibration of –N„N– group. Two intense bands of
1674 and 1673 are due to the –C‚O stretching modes of dyes
1 and 2, respectively. Three characteristics bands appeared at
1253, 1176, 1013 (dye 1) and 1244, 1139, 1001 (dye 2) which
indicate the presence of –SO3 groups. The
1H NMR spectra re-
vealed two distinct triplets at 3.44–3.48, 3.65–3.69 ppm (dye 1)
and 3.51–3.59, 3.95–3.99 ppm (dye 2), assignable to a- and b-
methylene protons of the SES groups of both dyes.
3.2. Dyeing of ﬁbers
Both reactive dyes 1 and 2 were applied on different fabrics
according to dyeing procedures described in Section 2. The pri-
mary goal of the work was not to investigate the optimized
dyeing methods, but rather to demonstrate the concept and
scope of the structural reactivity of new heterocyclic reactive
dyes having a SES group. The subsequent exhaustion and ﬁx-
ation values as well as wet fastness were selected as key perfor-
mance measures to assess whether the dye had exhausted and
ﬁxed on the substrates. Test fabrics, namely, cotton, wool and
silk were chosen and dyed with dyes 1 and 2 at 2% depth owf
under the exhaust dyeing conditions. The percentage of
exhaustion and total ﬁxation yield were measured spectropho-tometrically at kmax. The color strength (K/S) of the dyed fab-
rics was measured and the discussion concludes with the
fastness results of all dyed fabrics.
3.2.1. Application to cotton
Comparative dyeing properties of cotton using SES dyes 1 and
2 produced reasonably higher primary exhaustion (Fig. 1). As
expected, a higher salt concentration would further assist the
dye for a better uptake and allows high percentages of exhaus-
tion and ﬁxation values at a constant alkali concentration
(20 g/l) and at 60 C ﬁxation temperature condition (Fig. 2).
This could be due to the relatively small molecular size and
lack of substantivity conferring moieties. Effective levels of
exhaustion and total dye ﬁxation would be produced at the ﬁx-
ation stage via dye-ﬁber reaction taking place between cellu-
lose hydroxyl groups and the dye vinylsulfone reactive group
under alkaline conditions. The beneﬁcial effect of variations
in the alkali concentration being slightly less pronounced at
the higher alkali concentration since the ﬁxation reaction of
the exhausted dye would be expected to increase, resulting in
good dye-ﬁber bond formation. Examination of the exhaus-
tion and ﬁxation values of the novel dyes show that dye 2
exhibits slightly higher rates to that of dye 1, which may attrib-
uted to its greater H-bonding with the cotton ﬁbers via its NH2
group.
The exhaustion and total ﬁxation values of dyes 1 and 2
were also investigated at different dye concentrations (1–5%
owf). Fig. 3 clearly shows that the lower dye concentration
exhibited a higher extent of exhaustion and total ﬁxation than
the higher depth of shade. This is believed to be due to the fact
that increasing dye concentration would lead to an increase in
dye aggregation, which in turn reduces the dye penetration in
the ﬁber. Additionally, at high dye concentration the number
of available dye sites on the ﬁber decrease, resulting in a lower
extent of exhaustion and ﬁxation yield on cotton fabric.
3.2.2. Application to wool and silk
One important factor in dyeing wool and silk fabrics with reac-
tive dyes is the dye bath pH. The application pH for both dyes
1 and 2 using 2% owf dye concentration as described above.
Figure 2 Effect of sodium carbonate concentration of dye on
exhaustion (E) and total ﬁxation (F) on dye 1 and dye 2 on cotton.
Figure 3 Effect of conc. of dye on exhaustion (E) and total
ﬁxation (F) on dye 1 and dye 2 on cotton.
Figure 4 Effect of pH on exhaustion (E) and total ﬁxation (F) of
dye 1 and dye 2 on wool fabric.
Figure 5 Effect of pH on exhaustion (E) and total ﬁxation (F) of
dye 1 and dye 2 on silk fabric.
Figure 6 Effect of conc. of dye on exhaustion (E) and total
ﬁxation (F) of dye 1 and dye 2 on wool fabric.
Figure 7 Effect of conc. of dye on exhaustion (E) and total
ﬁxation (F) of dye 1 and dye 2 on silk fabric.
224 Y.A. Youssef et al.Wool dyeing was undertaken from pH 3–7 at 98 C and dye-
ings of pH 4, 6, 8 and 10 were carried out on silk at 90 C.
The results given in Fig. 4 clearly show that both dyes had high
Table 1 The fastness properties and color yields of the investigated dyes 1 and 2 on the test fabrics are given.
Dye Shade Sample dyed K/S Fastness to rubbing Wash fastness Fastness to perspiration Light
Wet Dry Acidic Alkaline Acidic Alkaline
Sw Sc Alt Sw Sc Alt
1 2% C 1.93 4–5 4–5 4–5 5 4–5 4–5 5 4–5 5 5 3–4
W 13.19 4–5 4–5 5 4–5 5 4–5 4–5 4–5 4–5 4–5 6
S 4.44 4–5 4–5 5 4–5 5 4–5 5 5 5 5 5–6
1 4% C 4.12 4–5 4–5 5 4–5 5 4–5 4–5 5 4–5 5 2–3
W 18.99 5 5 4–5 5 5 4–5 5 5 5 5 5–6
S 6.35 5 5 5 5 4–5 5 5 4–5 5 4–5 2–3
2 2% C 4.48 4–5 5 4–5 4–5 5 4–5 5 4–5 5 4–5 4
W 18.99 4–5 4–5 4–5 5 4–5 5 4–5 4–5 4–5 5 6
S 6.35 5 5 5 5 4–5 5 4–5 5 4–5 5 6
2 4% C 7.97 4–5 4–5 5 5 4–5 5 4–5 4–5 5 4–5 6
W 24.52 5 4–5 4–5 4–5 4–5 4–5 4–5 5 4–5 4–5 5–6
S 11.04 5 5 4–5 4–5 5 4–5 5 5 4–5 5 6
C, cotton; W, wool; S, silk.
Alt = alteration; Sc = staining on cotton; Sw = staining on wool.
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slightly reduced exhaustion levels at higher pH. This is not sur-
prising since the fewer sulfonate groups of these dyes can con-
tribute to high substantivity to the substrate (Stead, 1990), and
their ability to produce highly reactive vinylsulfone (VS) form
at higher pH through b-elimination reaction of the anionic
SES group which would also favor high level of dye ﬁxation.
In addition, the dyes used are monosulfonated, assuming that
the blocked VS (SES) group is a temporarily sulfonated group,
which makes these dyes slightly hydrophilic and thus have a
good afﬁnity for wool. On the other hand, the better exhaus-
tion levels of dye 2 may be because the dye contains NH2
group in its chromphoric structure and therefore increased
opportunity to hydrogen bonding with the substrate.
The pattern of variations in exhaustion and ﬁxation on silk
at different pH is quite different to that for dyeing of wool as
shown in Fig. 5. Maximum exhaustion and ﬁxation values for
each dye were achieved at pH 8. This is attributed to the
increasing capacity of amino groups in silk to react with the
VS group. The results also indicated that when the pH was in-
creased to pH 10, the effect on the hydrolysis of VS group was
greater than that on reactivity so that the exhaustion and ﬁx-
ation decreased.
Having established that the optimum application pH was 4
on wool and pH 8 on silk, the extent of exhaustion and ﬁxation
values of both dyes 1 and 2 were further evaluated at different
depth of shade (1–5% owf). Figs. 6 and 7 show the data ob-
tained on wool and silk fabrics, respectively. The results indi-
cated that the lower dye concentration exhibited higher
extent of exhaustion and total ﬁxation than the higher depth
of shade. This is believed to be the fact that the proportion
of available dye sites at lower dye concentration is higher than
at higher concentration.
3.2.3. Fastness properties
The fastness properties and color yields of the investigated
dyes 1 and 2 on the test fabrics are given (Table 1). The dyes
revealed approximately similar results of fastness properties
for all fabrics. The high ratings of fastness properties couldbe referred to the covalent binding linkages between the dye
and the ﬁber. Both dyes revealed higher color yields due to
their increased substantivity to the ﬁber. The molecular design
of the dyes comprising a heterocyclic chromophoric moiety
leads to good light fastness.
4. Conclusion
Dyeing properties of two model SES reactive dyes 1 and 2
based on pyrazolopyrimidine derivatives were studied on cot-
ton, wool and silk fabrics. The lower degree of sulfonation
and the reactive vinylsulfne derivatives of these dyes showed
good substantivity. Consequently, higher exhaustion and total
ﬁxation yield were obtained on all fabrics. These models of
heterocyclic reactive dyes could help to reduce the dye efﬂuent
loads, contributing to an environmentally-improved process.
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